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Abstract: In less developed areas, the use of Geographic Information Systems (GIS) to coordinate
disaster response is hindered by a lack of geospatial preparedness. Humanitarian missions often
rely on OpenStreetMap as a source of information to overcome this limitation. In these places,
Non-Governmental Organizations (NGOs) might already be using GIS to implement development
projects before the disaster. This study considers the management of geospatial information by
those NGOs and whether they could improve geospatial preparedness from within the communities.
This bottom-up approach would allow the inclusion of information relevant to the community in
the disaster response decision-making process. The research method was an online survey with
a worldwide sample of more than 200 development NGOs. The results show that many NGOs
use digital geographic information, mostly open-data. They could indeed improve geospatial
preparedness while using open-data and community mapping for the implementation of their
projects. There is, however, a limitation; most of the development NGOs using open geographic data
are not familiar with the open platforms used by the humanitarian community (i.e., OpenStreetMap).
Therefore, the study indicates that the sustainability of this synergic approach requires further
harmonization between development and humanitarian organizations working for the wellbeing of
the same communities.
Keywords: geospatial preparedness; OpenStreetMap; NGO; information management;
development; sustainable
1. Introduction
Communities are exposed to hazards with different consequences depending on their levels
of vulnerability, preparedness, and response. In the aftermath of a disaster, situation, needs, and
response capabilities are assessed. Depending on the local capacities and complexity of the disaster,
international and multidisciplinary response teams might support the local response. Geographic
Information Systems (GIS) are among the tools used to coordinate and facilitate the decision-making
process. Geography is a complex reality full of synergies between space, ecosystem, society, culture, and
economy. During an emergency response, GIS provides this spatial dimension mainly as a cartographic
tool for information sharing, resource allocation, planning, and logistics, and to map population and
displacements. Modelling capabilities, optimization methods, problem-solving, and decision support
tools (e.g., route and resource allocation) are also of special interest for in-field operations [1,2].
The use of GIS to implement these functionalities requires Geospatial Preparedness. This concept
is described by the United States Department of Homeland Security (DHS) as: “ . . . the level of overall
capability and capacity necessary to enable all levels of the Department to use geospatial data, geographic
information systems software and hardware, and geospatial applications to perform essential functions such
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as prevention, detection, planning, mitigation, response, and recovery in order to minimize loss of life and
property . . . ” [3] (p. 3). There is a geospatial preparedness inequity issue across the world [4]. In some
countries, institutions and the private sector count upon skilled staff, tools, and reliable geospatial
data, making a holistic approach to disaster management possible. However, in other countries,
geospatial information is nearly not considered, and GIS are hardly used. As a consequence, geospatial
preparedness is deficient or does not exist [5]. The United Nations Committee of Experts on Global
Geospatial Information Management (UN-GGIM) who report about the status of topographic mapping
in the world, stated this inequity and pointed to out-of-date information as one of the main issues [6].
Due to the lack of geospatial pre-disaster information in less-developed countries, during disasters,
Information Management Officers (IMOs) should produce that information ad hoc, losing precious
time and hindering the response coordination [5].
In the aftermath of a sudden-onset disaster happening in a place without adequate resources to
cope, the UN Office for the Coordination of Humanitarian Affairs (OCHA) provides coordination,
information management, and funding. The first phase is to compare local capacities with the
magnitude of the disaster. UN Disaster Assessment and Coordination (UNDAC) teams, including
IMOs from partner organizations (i.e., MapAction, ACAPs) might be deployed. The Coordinated Data
Scramble project coordinates IMOs from different organizations to remotely support the IMOs in the
field. Most IMOs, deployed or supporting remotely, have similar information requirements. This
project provides a framework to gather and share, so everybody uses the same data for each particular
topic [7–9]. In this context, UN institutions are no longer the unique source of information but a
coordination point between the affected community, and relief agencies and volunteers. Production
and data sharing have become more dynamic, transparent, and decentralized [10].
It is important to consider the actual use of open-data by these IMOs involved in humanitarian
operations. The objective of these IMOs is to provide the best datasets available, ideally sourced from
governmental data. In the past, that would have been the only source of information considered.
However, the response to the 2010 Haiti earthquake showed a significant change, placing collaborative
mapping at the centre of the response [11]. Nowadays, OpenStreetMap is often used as an easily
available and reliable geographic open-data platform [12]. OpenStreetMap might be considered the
main reference of crowdsourced geospatial information in the form of community or collaborative
mapping. In parallel, the Humanitarian OpenStreetMap Team (HOT) applies open-source and
open-data sharing to humanitarian aid [13,14]. OpenStreetMap can be used, at least, to complement
and triangulate existing data and to provide a contact person [15]. During the 2014 West Africa
Ebola epidemic, Médecins sans Frontiers (MsF) and Red Cross International decided to crowdsource
the task of mapping newly infected areas relying on HOT and Missing Maps [16]. HOT work
was also significant in response to the 2015 Nepal earthquake and other major disasters [17–19].
Indeed, information management during the 2015 Nepal earthquake shows the development of a new
paradigm in data sharing and the use of volunteered geographic information (VGI), especially through
OpenStreetMap [20]. Indeed, crowdsourcing post-disaster information through volunteers [21] and the
use of deep learning for the same task [22] have focused academic research in this area. Nevertheless,
in a previous study [15] it was established that, since IMOs in humanitarian missions consider
OpenStreetMap a reliable tool [18,20], improving pre-disaster information in OpenStreetMap improves
geospatial preparedness.
However, it is not only mapping but also capacity building that is needed to deliver the long-term
cartographic solutions that promote the social sustainability of the community. The projects listed
above represent mainly humanitarian organisations mapping communities non-related to them. They
are examples of communities depending on external support. Therefore, the disconnection between
local communities and volunteer mappers brings concerns about the longer-term sustainability of
these projects that do not consider the necessary maintenance and updating of the datasets [23]. This
transition from crisis mapping to sustainable and locally-owned community-mapping is only possible
with the engagement of the community [4,24].
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Moreover, an implementation that breaks the unidirectional top-down flow of information is
necessary for Information and Communication Technologies (ICT) capacity building projects to be
able to empower the community. ICT should allow communication to also be bottom-up from the
community to the establishment, and horizontal within the community [25]. This approach could
allow not only breaking the dependency of the community from external support but also could create
communities more equitable and connected.
However, in less developed countries, contributions to OpenStreetMap are mainly disaster
response related. These event-driven contributions are not in line with the long-term work necessary to
use OpenStreetMap as Information and Communication Technologies for Development (ICT4D) [26].
A different approach would be required. Community mapping aiming to develop OpenStreetMap for a
particular location has already been successfully implemented in projects such as Map Kibera [27]. Also,
the GroundTruth Initiative uses volunteers and handheld GPS to upload information to OpenStreetMap
for community mapping. In a different line of work, also built on OpenStreetMap, Development Seed,
in partnership with the World Bank, makes Openroads and Rural Accessibility Map available, a suite
of tools for least developed countries which allows road mapping and planning and impact modelling.
These projects show OpenStreetMap’s potential for democratizing mapping. They also establish
the possibility of finding a balance in the debate between process-oriented community mapping
vs. goal-oriented professional mapping for targeted results within communities [27]. In addition,
development NGOs might use OpenStreetMap data without any payment or limitations since it is free
for any purpose through the Open Database License (ODbL1.0) distribution license [28].
IMOs involved in humanitarian operations consider community mapping and NGOs working in
development projects reliable sources of data to improve geospatial preparedness [29]. GIS could be a
key tool for these organizations, which should be considered within the framework of ICT4D [30]. NGOs
working within the community could use OpenStreetMap to cover their information management
needs while improving geospatial preparedness. In the reverse direction, needs and aid during disaster
response actions could bounce back into development projects.
Therefore, considering that OpenStreetMap is used during disaster response in places lacking
geospatial preparedness, that development NGOs could improve geospatial preparedness providing
long-term sustainability and that IMOs would trust that information, it is necessary to study the
feasibility of these NGOs improving OpenStreetMap. Moreover, in order to consider the possibility
of development NGOs using OpenStreetMap to improve geospatial preparedness, it is necessary to
understand how these organizations use geospatial information and their relationship with open-data.
There are, however, no indications of exhaustive research in this area. Therefore, the present research
aims to study the use of geographic information by NGOs working in development projects in
areas lacking geospatial preparedness. The object of the study will be referred to using the terms
“development NGOs”, and “NGOs working in development projects” alternatively. “Development
NGOs” is a rather extensive designation. Conceptually, the study is focused on Non-Governmental
Development Organizations (NGDOs) which places the topic on NGOs working within the framework
of International Cooperation. As indicated by Makuwira, the generic concept of these NGOs as
“organizations that work for the aid and development of others, without direct profit for themselves” includes a
great diversity of organizations and it has many nuances [31]. Indeed, given the thin and blurry line
separating NGOs in general from NGDOs, it is difficult to estimate the number of organizations that fit
in the total target population [32], but it could exceed the hundreds of thousands [31,33].
Moreover, in practical terms, the study contemplates a broader range including NGOs and
grassroots associations working in development projects in less developed countries, and locations
potentially with a low level of geospatial preparedness. Moreover, the humanitarian and development
communities might be difficult to separate. NGOs usually working in development may become part
of the humanitarian community supporting the response to a disaster. In addition, some NGOs that
usually work in disaster management have projects focused on disaster risk reduction and capacity
building that could be considered development projects. Within OpenStreetMap, HOT has, as an
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objective, to provide a transition from Crowdsourced Mapping to Community Mapping [24]. Other
platforms, such as Crowdmap created by Ushahidi [34], Missing Maps, or Tomnod, use OpenStreetMap
to work in specific projects in this fuzzy line between humanitarian action and long-term development.
However, at this stage of the research, we focused only on NGOs working in development projects.
During the selection of the target population, NGOs working mainly in disaster management were
not considered. Please refer to the Methodology section for further information about the target
population. The approach of the research places a particular focus on the use of geographic open-data.
Consequently, this paper aims to answer the following questions: How do development NGOs working
in less developed countries use geographic information? Can these organizations improve geospatial
preparedness through open platforms such as OpenStreetMap?
After this introduction, the article presents the methodology used for this research and specifies
the outcomes related to the subject in question in a series of figures to facilitate the visualization of
the results. The paper closes with a discussion on those results and the overall conclusion. The main
outcome is that OpenStreetMap is not widely known among the development community; this factor
being the main limitation to improve geospatial preparedness.
2. Materials and Methods
This research is based on a multi-method strategy using qualitative and quantitative methods to
“triangulate” the findings [35]. In this particular case, the methodology includes a literature review, a
semi-structured individual interview with an OpenStreetMap manager, and a questionnaire distributed
online to development NGOs.
Since practitioner engagement is necessary for ICT4D research [36], a questionnaire applied to
development NGOs was considered the optimal method to investigate the topic. Several geospatial
specialists and researchers tested the survey before initiating the study. The online questionnaire
was drafted based on the results of previous research [15,29], the outcomes of the literature review
described in the introduction, and a semi-structured interview with an OpenStreetMap representative.
The questionnaire included two parts, an initial part to characterize the participant organization with
seven mandatory questions and a second part with questions orientated to define the approach to the
Sustainable Development Goals and the use of maps by the participant NGOs, as shown in Figure 1. It
should be noted that the results of the second part related to Sustainable Development Goals were not
used for this article.
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For those participants replying positively to the use of maps, the subsequent phase of the
questionnaire explored the type of maps considering the format used, as described in Figure 2. A full
description of the questionnaire may be found in Supplementary Materials.
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initial sample were used to identify further NGOs within the target population. NGOs that might have
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Figure 3. Geographic l cation of responses based on the IP address of the participant in the study
which might not be related to the geographical l cation of the implementation of the projects.
3. Results
3.1. Characterization of the Sample
The participants included all ranges of development NGOs based on size (considering the number
of paid staff and annual implementation budget), working strategy, areas of work, and geographical
scope of project implementation as shown in Figure 4. The sample characterizes the different sub-sets
of the targeted population proportionally represented. It is interesting to note the large representation
of small development NGOs, both considering number of paid staff (34 relying only on volunteers and
94 with less than 10 personnel which would total 63% of the sample) and budget (60 under USD 25,000
and a further 75 under USD 200,000 which would total 66%), working in local grassroots projects
(97 participants 47%). The rural vs. urban division is also well represented with half of the sample
(103 NGOs) working in both. Finally, the development NGOs that did not count on a dedicated IMO
represent a large portion of the sample (59% accounting for 120 participants).
3.2. Use of Geographic Information by Development NGOs
There is a substantial percentage of development NGOs (38% of the sample that amounts to
78 participants) that do not use geographic information in the form of maps for their work, as Figure 5a
shows. The main reasons not to use geographic information are the lack of equipment followed by the
lack of staff and know-how. Further reasons are described in Figure 6a.
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Figure 5. (a) Percentage of participants using geographic information in the form of maps. (b) Use of
geographic information in pdf/paper format vs. digital/interactive.
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Figure 6. Reasons presented ordered by number of participants for (a) not to use maps and (b) not to
use geographic info mation in a digital/i teractive format.
For those NGOs using geographic information, digital maps allowing for interaction with the
geographic information are the preferred format, as reflected in Figure 5b (74%, which means that
from the 123 participants that do use maps, 89 mainly use this format).
When considering the 26% (31 participants) that use mainly paper/PDF format, again, the lack of
equipment was presented as the main reason not to use digital format. Further reasons are presented
in Figure 6b. All the participants presenting the lack of equipment as the reason not to use digital maps
confirmed that they have access to the internet and a cheap smartphone.
As for the 123 participants using geographic information in the form of maps, the main use is
project planning and monitoring as shown in Figure 7. It is also interesting to note the high number of
NGOs involved in community mapping (62 development NGOs are involved in this task which means
56% of map users). Among the “other” uses, there are some NGOs (6 participants) using maps for
some type of research. Maps are considered necessary and/or useful by the participants using them.
When asked about the reasons to use maps, 87 participants answered that maps are necessary while
82 considered them useful. There is also a certain number of development NGOs (21 participants) that
use maps because donors request them. Nevertheless, none of the participant NGOs claimed donor
request as the only reason to use maps.
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exclusively on open‐source software and 16 more use it together with commercial options). 
 
























Figure 7. Description of the use of maps considering the number of participants using maps for
each task.
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3.3. Use of Open-Source by Development NGOs
Open-source was expected to be an interesting option for development NGOs. The study confirmed
this point. Figure 8a displays the types of software used by the development NGOs. Thirty-five
participants stated desktop open-source, with a similar number using web-based open-source, as
the GIS software used for the management of geographic information. Analyzing these answers in
the context of the 89 participants using geographic information in digital format, Figure 8b shows
the percentage of users of open-source vs. commercial software. From the results, it might be
established that open-source software is the preferred option (41 development NGOs rely exclusively
on open-source software and 16 more use it together with commercial options).
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Figure 8. Description of the different software options used by the participants, (a) by number of
participants for each option and (b) by percentage of those using digital maps.
The sources of geographic information considering the 89 participants using digital maps are
displayed in Figure 9a. It is interesting to find that gathering the information directly is the main source.
Open-data, governmental data, and data obtained from partner organizations are almost equally used.
When only considering the sub-set of 57 participants that use open-source software (in some cases
together with commercial software), the use of open-data gains importance as shown in Figure 9b.
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Figure 9. Sources of information considering the number of participants, (a) all digital maps users and
(b) the users of open-source software.
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3.4. Use of OpenStreetMap by Development NGOs
From the 123 NGOs using geographic information in the form of maps, only 26 participants (21%)
use OpenStreetMap as displayed in Figure 10a. If the sub-set of 57 users of open-source software is
considered independently, the percentage of OpenStreetMap users rises to 26% (15 participants). From
the 26 users of OpenStreetMap, 69% (18 participants) recognize that the main task is just as a basemap
(see Figure 10b).
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Figure 10. (a) Percentage of participants using OpenStreetMap among the users of maps and (b)
percentage of the level of use for those users.
Some of the NGOs using OpenStreetMap (26 participants) have concerns about the use of an
open platform. Figure 11 presents how security and accuracy are the main concerns when using
these types of platforms. In addition, no concerns were expressed by 15% of the development NGOs
(4 participants).
Sustainability 2019, 11, x FOR PEER REVIEW  11  of  21 
 
So e of the  s using  penStreet a  (26 partici a ts)  a  c c r  a t t   se of an 
ope    Figure 1  presents how security and accuracy are th  main co cer s when usi g these 




















ig re 11. c r s t s rs f e treet a representing the nu ber of participants.
ith regard to the 97 users of maps that do n t use OpenStree Map, the main reason offered was
th t they did not k w OpenStreetMap before c mpleting he qu stionnaire. The reasons behind the
lack of adhesion to OpenStreetMap are displayed in Figure 12 Only three NGOs pointed to security
concerns as the only reason not t use OpenStreetMap while just one did so over privacy. Two
participants con idered a lack of accura y s the only reason not to use it. In two other cases the
participants do not use OpenStre tMap because they use Go gle Maps.
In terms of the 174 participants that do not use OpenStreetMap (considering those using maps
and those that do not use them), 72% (125 participants) found an OpenStreetMap application that
could be useful for their organizations. Figure 13 displays the opinion of these participants regarding
the different OpenStreetMap services that could be of use for their organizations.
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Figure 12. Reasons not to use OpenStreetMap represented by the number of occurrences.
























Figure 13. Potential uses recognized as interesting for the participants including those not using Maps
(78) and not using OSM (96).
4. Discussion
The benefits of using geographic information are clear for those participants who actually
use it. NGOs using maps do so during all phases of their development projects, from planning
to implementation and evaluation. Maps are also used to communicate, to promote projects or
organizations, and to present results. There are other uses for this information, and among them,
community mapping should be highlighted. Further research is necessary to establish the objectives,
tools used, and methodology followed by development NGOs conducting community mapping and
how it could be embedded in capacity building initiatives. The maps used by development NGOs are
mostly in a digital format that allows for interaction with the information. The use of paper maps or
in PDF format is indeed quite limited. Development NGOs might have dedicated IMOs (37% of the
participants) or development practitioners taking over information management among other tasks
(59% of the participants). Both consider geographic information for their work, and GIS are a common
tool. Open-source GIS, either desktop or web-based, is the most common software among these users
of digital information, even if in some cases open-source options are used together with commercial
ones. In addition, it should be noted that the use of open-source GIS software usually runs together
with the use of open-data as the main source of information.
Regardless of the benefits of using geographic information, some development NGOs do not use
maps in any format. The lack of equipment is pointed out as the main reason not to use digital maps
or not to use maps altogether. However, the same participants confirmed that they have access to
the internet and a cheap smartphone. They consider many of the possible applications of GIS and
open platforms (i.e., OpenStreetMap) interesting for their work. Nevertheless, the use of geographic
information is limited by the idea that specialized equipment is needed when the reality is that it
is not. The OpenStreetMap representative confirmed that a cheap smartphone and internet access
is all that is needed to take advantage of their tools and services. This issue could be explained by
Sen’s capabilities approach, in which “what people have” is replaced by “what people can do” [37].
Development is understood as a process where people help each other to gain entitlements, to obtain
Sustainability 2019, 11, 6634 12 of 15
access capacity [38]. In this case, development NGOs not using maps need to learn that the equipment
they “have” is sufficient so they “can” gain the capacity to use geographic information in the form of
digital maps. Likewise, the use of OpenStreetMap presents similar circumstances. NGOs consider that
OpenStreetMap tools and services could be useful for their work. However, most of the participants in
the study do not use them. The reason behind the lack of adhesion to OpenStreetMap is mainly because
the participants did not know about the open-platform before contributing to the study. Therefore,
development NGOs would need to learn about the existence of OpenStreetMap and the capabilities of
the platform so they could gain the entitlement to access these tools and services. Further research is
required to consider the use of other crowdsourced platforms by the development community.
Another issue presented as a reason not to use GIS is the lack of digital information. This issue
could be solved if more organizations gathered information and shared it on an open platform such as
OpenStreetMap. Indeed, the main source of information for most of the development NGOs using
GIS is to gather their own. In addition, many also use data from other NGOs and freely available
open-data. The widespread implementation of open-data policies among development NGOs could
initiate a virtuous cycle in which the availability of data would drive more NGOs to use GIS and to
create more open-data. The ownership of the project by the community would ensure the maintenance
of the information and that it would be kept up to date. This approach would empower the community
allowing for a horizontal transfer of information within the community, and bottom-up from the
community to the establishment. The inequity in the access to information would be reduced allowing
for a more sustainable community. The main issue is that, while IMOs involved in humanitarian
missions do use OpenStreetMap, a great number of those managing information for NGOs working
in development projects do not even know about the existence of this open platform. The results of
the study do not show a link between this fact and the use of dedicated IMOs or their background.
In order to establish the causes of this lack of knowledge and how to solve it would require further
research. Moreover, OpenStreetMap is considered by many in the academic world as paramount to
open platform for community mapping. Studies should consider this ambiguity between development
practitioners and researchers.
The actual approach to close the gap in geospatial preparedness using OpenStreetMap might be
focused in the use of remote sensing imagery analyzed by volunteers working remotely or computers
using machine learning. This approach might be able to map the areas. However, it does not offer a
socially sustainable alternative since it would lose the reality of those communities.
The present study is limited by the use of a digital platform to conduct the survey. Obviously, the
fact that the survey was conducted online supposes that all participant NGOs should have internet
access, in principle. This aspect, however, does not affect the validity of the survey results. Nevertheless,
the existence of a more intense digital divide created by the lack of access to the internet should be the
object of further research.
5. Conclusions
A sizable number of development NGOs do not consider geospatial information. Some NGOs
deem that they lack the necessary equipment to handle digital geographic information. Capacity
building initiatives are needed to provide the know-how that would allow them to create and use
geospatial data. These NGOs could learn that the use of open geographic data does not require special
resources while the benefits could be spread through the whole community. Nevertheless, the results
of the study show that, for those development NGOs already using geographic information, a majority
use it in a digital format that allows for interaction with the information. In this case, the main limitation
in becoming a source of information to improve geospatial preparedness for humanitarian institutions
is the lack of harmonization between the tools used by these communities. Humanitarian missions rely
on OpenStreetMap as a source of information. The use of this open platform by development NGOs
could improve the availability of open-data and geospatial preparedness for disaster response by
humanitarian missions. In addition, this capacity building approach would empower the community
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allowing for a new paradigm in the transfer of information. This process would facilitate the transfer
of information within the community and the connection of the community to the outside world. The
information significant to the community would become part of the information considered by the
decision makers supporting that very same community in the aftermath of a disaster. In parallel,
the ownership of the project by the community would ensure long-term sustainability since the
community would maintain and keep the information up-to-date. Indeed, development NGOs use
geographic information and GIS open-source software for community mapping and the implementation
of development projects. The main issue is that OpenStreetMap is not widely known among the
development community. The reasons behind this lack of knowledge should be the object of further
research. The interaction between humanitarian and development communities could be more frequent,
becoming more open and transparent. Development NGOs that already use open-data should consider
OpenStreetMap as an option for the management of digital geographic information. This approach
would allow the harmonization of tools used by development NGOs and humanitarian missions
working for the well-being of the same communities. In addition, these development NGOs, as
representatives of the local community, would improve geospatial preparedness creating a framework
that could break the dependency on external support.
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